Outbreaks of sexually transmitted hepatitis C virus (HCV) infections have been recently reported in HIV-
H
epatitis C virus (HCV) has been traditionally known to be transmitted parenterally while not efficiently transmitted through sexual contact (29, 32, 45) . In a 10-year prospective study, 3 HCV infections were observed in 776 couples with discordant HCV serostatus, with an incidence rate of 0.37 per 1,000 personyears (PY); however, molecular investigations failed to document sexual transmission of HCV infection (45) . Likewise, a long-term prospective study also demonstrated a low incidence of interspousal transmission of HCV, with an annual rate of 0.2% in Taiwan (19) . In the Swiss HIV Cohort Study, the incidence of HCV seroconversion in patients with a history of injection drug use was 74 per 1,000 PY, whereas the incidence was only 2.3 per 1,000 PY in those without such a history (32) .
After the introduction of highly active antiretroviral therapy (HAART) in 1996, sexually transmitted infections such as syphilis and lymphogranuloma venereum have been disproportionately diagnosed in HIV-infected men who have sex with men (MSM) in Western Europe (8) , and several studies have demonstrated increased temporal trends in HCV incidence from 1 to 3 per 1,000 PY to Ͼ10 per 1,000 PY (43) . Furthermore, outbreaks of sexually transmitted HCV infections have been reported among HIV-infected MSM in several European countries (3, 7, 13, 16, 36, 44) , Australia (27) , and North America (9, 24, 37) . Phylogenetic analysis also revealed monophyletic transmission clusters of HCV within the MSM populations of major cities in England, France, The Netherlands, and Germany; this HCV incidence had already increased among HIV-infected MSM from the mid-1990s (44, 46) .
Compared with patients with HCV monoinfection, HIV/ HCV-coinfected patients have an accelerated rate of fibrosis progression (20) , and such coinfections are associated with higher rates of end-stage liver disease-related morbidity and mortality (17, 38) . Compared with HCV monoinfected patients, HIVinfected patients with chronic HCV infection have poorer treatment responses to pegylated interferon (IFN) and ribavirin. In HCV-monoinfected patients treated with pegylated IFN plus ribavirin, the overall sustained virologic response (SVR) is 41% to 64% (12, 18, 25, 34) . In contrast, in HIV/HCV-coinfected patients treated with pegylated IFN plus ribavirin, the overall SVR in those infected with HCV genotype 1 is only 17% to 50% (4, 30, 31, 39) . While more studies are needed to identify the optimal treatments for HIV-infected patients with acute HCV infection (33) , the treatment responses seen with acute HCV infection in HIVinfected populations are promising, with an overall SVR of 46% to 95%, even in patients with genotype 1 or 4 infections (1, 43) .
Given numerous studies reporting HCV infection as an emerging sexually transmitted infection among HIV-infected MSM in western countries (3, 7, 9, 13, 16, 24, 27, 36, 37, 44) , whether such infections are emerging in Asia-Pacific countries is largely unknown. Additionally, identification of factors associated with recent HCV seroconversion in HIV-infected populations may offer an opportunity for medical practitioners to initiate anti-HCV treatment early to achieve a higher SVR. Thus, the present study aimed to assess the incidence of recent HCV infection and its associated factors among HIV-infected patients in Taiwan who acquired their HIV infections through sexual contacts instead of injecting drug use and to investigate whether HCV transmission clusters occurred.
MATERIALS AND METHODS
Setting. In Taiwan, HIV-infected patients are provided free-of-charge access to HIV care, including HAART, which was introduced on 1 April 1997 at designated hospitals around the island. At National Taiwan University Hospital, the largest designated hospital providing inpatient and outpatient care in Taiwan, a computerized data collection form has been used since 1 January 1994 to collect the demographic and clinical data (date of birth, gender, and HIV transmission route) and sequential laboratory data (CD4 count, plasma HIV RNA load, serologic marker of hepatitis virus, and rapid plasma reagin [RPR] titer) of HIV-infected patients aged Ն15 years. Liver function tests were performed every 3 to 4 months. Information on infection risk for HIV transmission was collected only at baseline and not at follow-up. The decision to start HAART was made according to the national guidelines for HIV treatment.
The present study excluded HIV-infected injecting drug users (IDUs) and included only patients with a negative anti-HCV result at baseline who had undergone at least one subsequent anti-HCV antibody test to estimate the incidence of recent HCV seroconversion. The Research Ethics Committee of the hospital approved the study and waived the need of informed consent.
Nested case-control study. A nested case-control study was performed to compare clinical characteristics of seroconverters to those of nonseroconverters. HCV seroconverters were selected as case patients, and 2 patients without HCV seroconversion who had a duration of follow-up similar to that of case patients were selected as controls. The two groups were matched for gender and age (Ϯ5 years).
Laboratory investigations. Antibodies to HCV were determined with a third-generation enzyme immunoassay (Ax SYM HCV III; Abbott Laboratories, North Chicago, IL). A 336-bp fragment covering partial HCV NS5B (nucleotides [nt] 8294 to 8629 relative to HCV reference strain H77) was amplified by PCR; the PCR conditions are briefly described below. The first primer pair used was NS5B_513 (5=-CCA ATW SMC ACN ACC ATC ATG GC-3=) and aNS5B_1200 (5=-GAN ACR TTK GAK GAR CAW GAT GT-3=). The amplification conditions were 30 cycles of 94°C for 30 s, 55°C for 1 min, and 72°C for 2 min and a final extension at 72°C for 7 min. A 1-l aliquot of the first-round PCR product was used for the second-round PCR under conditions that were the same as those used for the first round. The second primer pair used was NS5B_755 (5=-TAT GAY ACC CGC TGY TTT GAC TC-3=) and aNS5B_1121 (5=-GCN GAR TAY CTV GTC ATA GCC TC-3=). The PCR results were sequenced. Phylogenetic analysis was performed to determine the HCV genotypes by the use of NS5B sequences amplified from HCV-infected patients, including IDUs, and patients with HCV infection at baseline (prevalent cases) who acquired HCV infections during the follow-up (incident cases) in our cohort (6) . The study and reference sequences were aligned using the Clustal W program with minor manual adjustment. The tree was constructed by the neighbor-joining method based on the Kimura 2-parameter distance matrix listed in MEGA software (version 3.0) (22) .
Definitions. Recent HCV seroconversion was defined as the first positive anti-HCV detected within 1 year after the last negative anti-HCV. The date of seroconversion was assigned as the midpoint between the date of the last negative and that of the first positive anti-HCV result. Statistical analysis. All statistical analyses were performed using SPSS software, version 16.0 (SPSS Inc., Chicago, IL). Categorical variables were compared using 2 or Fisher's exact test and noncategorical variables using Student's t test or a Mann-Whitney U test. The rate of incidence of HCV seroconversion in each study period was calculated as the number of episodes of HCV seroconversion per 1,000 PY of observation. Poisson regression was used to compare incidence rates of HCV seroconversion among the three study periods ( Nucleotide sequence accession numbers. The GenBank accession numbers for the 22 HCV NS5B partial sequences that were amplified from 21 seroconverters, which included two consecutive sequences amplified from the same individual (MSM8924), are JQ060115 to JQ060136. The accession numbers for the other sequences are DQ663598 to DQ663610, HM031193.1 to HM031218.1, and DQ666240 to DQ666268.
RESULTS
Of 2,507 HIV-positive patients seeking medical care at National Taiwan University Hospital (NTUH) between 1994 and 2010, 1,773 (70.7%) were MSM, 480 (19.1%) were heterosexuals, and 187 (7.5%) were IDUs. After the 187 IDUs were excluded, anti-HCV was positive at baseline in 6.5% (102/1,576) of MSM and 8.6% (36/420) of heterosexuals. The present study included a total of 892 patients (35.6%), including 731 MSM and 161 heterosexuals, with negative anti-HCV at baseline and at least one anti-HCV test result during follow-up whose only stated risk of HIV infection was sexual contact. Compared with 1,428 (2,507 Ϫ 187 Ϫ 892 ϭ 1,428) non-IDU patients who were not included in this study, the 892 study subjects were younger (mean, 41 versus 42 years), less likely to be homosexuals (82.0% versus 73.0%), and more likely to be tested for syphilis (86.3% versus 77.7%) and had a higher plasma HIV RNA load (4.81 versus 4.64 log 10 copies/ml) (all P Ͻ 0.05); no statistically significant differences were noted in HBsAg seropositivity, RPR titers, and CD4 counts (data not shown).
During the total follow-up duration of 4,270 PY, 30 patients (3.36%) had HCV seroconversion, with an overall incidence rate Compared with 862 patients without HCV seroconversion, 30 HCV seroconverters were more likely to have recent syphilis (43.5% versus 9.4%; P Ͻ 0.001), whereas no statistically significant differences existed between the 2 groups in terms of age, gender, HIV transmission routes, HBsAg seropositivity, baseline RPR titers, CD4 counts, and plasma HIV RNA loads (Table 1) . After adjustment for age and HIV transmission routes, recent syphilis remained an independent factor associated with HCV seroconversion (adjusted odds ratio, 7.731; 95% confidence interval, 3.131 to 19.086; P Ͻ 0.001) in multivariate analysis (Table 2) .
In the nested case-control study, 56 nonseroconverters who had similar observation durations were identified as controls for 30 seroconverters. Seroconverters were less likely to have baseline CD4 Ͻ 200 cells/l but more likely to have recent syphilis acquisition and abnormal aminotransferase levels (all P Ͻ 0.05) ( Table  3 ). There were no statistically significant differences between the 2 groups in terms of HIV transmission routes, HBsAg seropositivity, VDRL titers, total bilirubin levels, CD4 counts, plasma HIV RNA loads, and receipt of HAART at the last follow-up.
Among the 30 seroconverters, 21 (70%) had HCV viremia, with 7 strains of genotype 1b, 11 of genotype 2a, 2 of genotype 3a, and 1 of genotype 6a (Fig. 1) . Phylogenetic analysis was performed to determine their relationship with prevalent HCV sequences amplified from other HIV-infected MSM (n ϭ 33), heterosexuals (n ϭ 8), and IDUs (n ϭ 55). Some of the IDU sequences were excluded from analysis due to the size of the phylogenetic tree; such exclusion did not have any impacts on the outcomes (data not shown). As shown in Fig. 1 and in Fig. S1 in the supplemental material, 18 of 21 incidents of HCV infections (85.7%) clustered with at least one other sequence in the tree, resulting in 3 transmission pairs (pairs 1 to 3) and 4 clusters (clusters 1 to 4). The majority of cluster sequences were derived from MSM, except one derived from a heterosexual in pair 3. None of these sequences clustered with sequences amplified from IDUs. Three transmission pairs and cluster 1 were observed within genotype 1b. Clusters 2 and 3 were within genotype 2a, and all patients in those two clusters were recent HCV seroconverters. Cluster 4, consisting of 3 patients, was noted within genotype 3a. Two consecutive sequences were amplified from one of the study subjects, MSM8924, whose first sequence, 2008MSM8924, belonged to genotype 1b, whereas the second sequence, 2008MSM8924-2, amplified from a specimen collected 4 months later, was genotype 2a and belonged to cluster 3.
DISCUSSION
In this study, we demonstrated a significantly increasing trend of recent HCV seroconversion in HIV-infected patients who were not IDUs. With an overall incidence rate of 7.03 per 1,000 PY, the rate of recent HCV infection increased from 0 per 1,000 PY in 1994 to 2000 and 2.29 per 1,000 PY in 2001 to 2005 to 10.13 per 1,000 PY in 2006 to 2010. Our study also demonstrated that HCV seroconversion was independently associated with recent syphilis, suggesting the possibility of sexual HCV transmission. Furthermore, 85.7% of the incident HCV infections were found to form 3 transmission pairs and 4 clusters in the phylogenetic analysis (Fig. 1) .
Since 2000, outbreaks of acute HCV infection have been documented among HIV-infected MSM in Western Europe, Australia, and North America (42). Molecular epidemiological techniques have confirmed the presence of recently evolved HCV transmission networks among HIV-infected MSM that have been linked to high-risk sexual behaviors (42) . Our study is the first to describe the same phenomenon in Asia, highlighting the finding that sexually transmitted HCV infection also spreads in large urban settings outside countries traditionally classified as "Western" countries. In addition to the observation of two recent HCV transmission clusters among MSM (clusters 2 and 3 from samples collected during 2008 and 2010), we also observed one ongoing transmission of HCV genotype 1b among MSM over an extended period of time (from 2003 to 2008) (Fig. 1) . For one of our study subjects, MSM8924, who was initially infected with HCV genotype 1b, an HCV genotype 2a sequence that belonged to cluster 3 was amplified from a blood specimen collected 4 months later. These data suggest that circulating HCV genotype 1b transmission is occurring among MSM in Taiwan.
Our findings are similar to observations of increasing inci- dence rates of HCV infections (7.9 to 17.5 per 1,000 PY) recently reported in European countries and North America (14, 15, 41, 44, 46) . The majority of recent HCV infections in this study occurred in MSM, with an overall incidence rate of 9.25 per 1,000 PY. Other than HCV infections, outbreaks of lymphogranuloma venereum, rectal gonorrhea, and syphilis have been reported in HIV-infected MSM (8, 40) . In a follow-up study in Taiwan, cases of syphilis in HIV-infected patients almost exclusively occurred in MSM, with an incidence of 5.8 per 100 PY and a recurrence rate of 17% (21) . Improved survival coupled with serosorting among HIV-infected MSM has been proposed to be the cause of these outbreaks of sexually transmitted infections (8) , and higher CD4 counts are identified as predictive of new-onset syphilis (21) . Likewise, we also noted that a lower proportion of our HCV seroconverters had CD4 counts Ͻ 200 cells/l at baseline, indicating that seroconverters might be in a healthier status after HAART (Table 3) . Phylogenetic analysis has shown a large international network of HCV transmission among HIV-infected MSM in European countries and Australia (42) . HCV transmission clusters were also identified in our study (genotypes 1b, 2a, 3a, and 6a), with the majority of cluster transmissions observed within genotypes 1b and 2a (16/21 [76.2%]) (Fig. 1) , which differ somewhat from the genotypes reported in Europe (genotypes 1a, 1b, 3a, and 4d) (42, 44) and those circulating among HIV-infected IDUs in Taiwan (genotypes 1a, 3a, and 6a) (23). Although we could not exclude the possibility of nasal ingestion of cocaine or amphetamines, which was previously reported to be associated with acute HCV infection (35) , the findings of different circulating HCV strains between IDU and MSM populations suggest that transmission networks of recent HCV infection in our study population might be different from those of IDUs and that sexual transmission is likely, given its association with recent syphilis.
Compared with patients infected with HCV alone, HIV/HCVcoinfected patients have higher plasma HCV loads and are more likely to shed HCV RNA in the semen (2, 28) . In addition, ulcerated sexually transmitted infections (such as herpes simplex virus type 2 infection or syphilis) and rough sexual practices (such as fisting) can facilitate the sexual transmission of HCV (8, 11, 14, 26, 35) . Given the increasing trends of recent HCV infections in MSM in developed countries in several continents, counseling for pre- venting HCV transmission should be included in the public health and clinical approach to provision of information, education, and communication for sexually transmitted infections. Given the dismal outcomes of chronic HCV infection and the encouraging treatment response of acute HCV infections to pegylated interferon and ribavirin in HIV-infected patients, early detection of acute HCV infections is imperative. Other than regular, periodic testing, tests for anti-HCV and HCV RNA load should be provided to patients with unexplained abnormal liver functions or to those diagnosed with recent sexually transmitted infections. Early treatment may be considered for patients who still have detectable HCV RNA 12 weeks after the onset of symptoms or 12 weeks after a putative exposure (1, 33) .
Several limitations deserve to be acknowledged. Patients enrolled in the study were more likely to be tested for syphilis than patients not included, and not all study patients were tested for anti-HCV or HCV RNA load. Thus, we might underestimate or overestimate the incidence of HCV seroconversion and its association with recent syphilis. Second, our findings were limited to one single institution, and generalizing those findings to other institutions in Taiwan may not be appropriate. Two of the 30 seroconverters were heterosexuals rather than MSM. Because of the stigma related to homosexuality in Asian societies, it may not be easy to obtain the information on sexual preference. Since our study did not collect information on sexual behavior (such as number of sexual partners, sexual techniques, or concurrent ulcerative sexually transmitted infections) and whether MSM recreationally used drugs by injection (such as "crystal meth" [methamphetamine]) or nasal ingestion (such as cocaine) during follow-up, we were not able to give direct evidence that MSMspecific networks exist in Taiwan. However, given the identification of recent syphilis acquisition as a risk factor associated with HCV seroconversion in our study and those of others (10, 13, 14) and our findings shown in the phylogenetic tree, it is plausible that HCV was sexually transmitted.
In conclusion, we demonstrate the increasing incidence of recent HCV infections among HIV-infected MSM who are not IDUs in Taiwan and that recent syphilis acquisition is associated with HCV seroconversion. Counseling for safe sex to prevent HCV transmission and regular testing for sexually transmitted infections are crucial for successful long-term care of HIVinfected patients (33) .
